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QUARTERLY  REPORT 
ON 

EVALUATION  OF  REFRACTORY  QUALITIES  OF 

CONCRETES  FOR  JET  AIRCRAFT  WARM-UP,  POWER  CHECK, 
MAINTENANCE  APRONS,  AND  RUNWAYS 

PART  I 

1.  INTRODUCTION 

The  objective  of  the  first  phase  of  this  project  is 
the  determination  of  the  physical  properties  of  concretes 
that  will  evaluate  their  suitability  for  use  in  jet  aircraft 
warm-up,  power  check,  maintenance  aprons,  and  runways. 

2o  MATERIALS:  PREPARATION  AND  TESTING 

2 . 1  Cements 

The  tests  planned  on  the  three  cements  in  the  first 
phase  of  this  project  have  been  completed.  These  tests 
included  the  chemical  analysis,  the  determination  of  the 
mechanical  properties,  such  as  the  permanent  length  changes, 
the  water  loss,  and  decrease  in  strength  after  heating  at 
increasing  temperatures.  The  results  of  these  tests  appear 
in  N.B.S.  Reports  previously  submitted. 

2.2  Aggregates 

All  the  mechanical  tests  on  the  aggregate,  Kenlite, 
used  in  the  concretes  tested  during  the  period  covered  by 
this  report  have  been  completed  and  reported. 

2.3  Concretes 

Two  of  the  three  concretes  designed  with  Kenlite 
aggregate  and  containing  either  Portland  or  Portland 
pozzolanic  cement  were  reported  as  having  been  mixed  and 
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specimens  fabricated  in  the  last  N.B.S,  Report  4361 
(September  30,  1955).  The  third  concrete  designed  with 
the  same  aggregate  but  containing  high-alumina  hydraulic 
cement  was  mixed  and  a complete  set  of  test  specimens 
fabricated  during  this  reporting  period. 

3.  RESULTS  AND  DISCUSSION 
3 . 1 Concretes 

Table  1 gives  the  properties  of  the  fresh  concretes 
designed  with  Kenlite  aggregate  and  either  Portland, 

Portland  pozzolanic  or  high-alumina  hydraulic  cement. 

The  concretes  were  designed  as  nine  sack  mixes  but  when 
the  cement  content  was  calculated  resulted  in  slightly 
richer  mixes  with  the  Portland  and  Portland  pozzolan  cements 
and  nearly  ten  sacks  per  cubic  yard  for  the  high-alumina 
hydraulic  cement.  The  flexural  strength  as  determined 
on  numerous  trial  mixes  of  concretes  of  this  type  indicated 
that  a minimum  of  nine  sacks  per  cubic  yard  would  be 
necessary  to  develop  the  required  strength  of  600  ps i . 

Table  2 gives  the  properties  of  the  cured  and  heat 
treated  concretes.  The  low  flexural  strength  given  in 
lines  three  of  this  table  corroborates  previously  reported 
results  indicating  that  concretes  designed  with  expanded 
shale,  crushed,  aggregate  requires  longer  curing  periods 
than  when  dense  aggregate  is  used.  The  type  of  failure, 
aggregate  fracture,  indicates  that  maximum  strength  has 
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Table  2 . Prooerties  of  Cured  and  Heat-Treated  Concretes^' 


A description  of  the  apparatus  and  method  used  in  determining  d epth  of  v/ear  was  given  in  N.B.S.  Report  3201. 
Based  on  length  after  2A  hours  in  mold. 
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been  developed  for  concretes  designed  with  this  aggregate. 
The  decrease  in  strength  after  the  500°C  heating  indicates 
the  loss  of  strength  in  the  bond  (cement  paste).  The 
condition  and  strength  of  the  concrete  after  1000°C 
indicates  that  this  temperature  approaches  that  of  the 
original  calcining. 

This  concludes  that  phase  of  the  project  concerned 
with  the  collection  of  data  on  the  thermal  and  mechanical 
properties  of  concretes  designed  with  one  of  the  three 
types  of  cement  and  one  of  a variety  of  concretes. 
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PART  II 

1,  INTRODUCTION 

The  second  part  of  the  project  includes  a determination 
of  the  cause  or  causes  of  failure  that  occur  in  concrete 
aprons  and  runways  exposed  to  jet  exhaust  gages.  The 
approach  includes  a measure  of  the  heat  gradients  and 
stresses  set  up  by  flame  impingment.  A combustion  chamber 
that  will  deliver  hot  gases  at  velocities  and  temperatures 
approximating  those  in  field  conditions  will  be  used. 

2.  MATERIALS 

The  two  concretes  used  in  fabricating  test  specimens 
during  this  reporting  period  were  previously  recommended 
compositions.  Portland  cem.ent  vras  used  in  both  mixes. 

White  Marsh  sand  and  gravel  or  crushed  building  brick  was 
the  aggregate. 

3.  PREPARATION  AND  TESTING 

Four  test  panels  18  x 8 x 6 inches  were  fabricated. 

One  panel  contained  concrete  designed  with  White  Marsh 
gravel  (largely  quartz  and  quartzite).  The  other  three  panels 
were  fabricated  with  concrete  designed  with  crushed  building 
brick.  Three-inch  tile, disks  with  a one  and  one-quarter 
diameter,  and  brick  shape  specimens  were  molded  from  each 
concrete.  The  tile  and  disks  varied  in  depth  from  one- 
half  to  2 inches.  The  bricks  were  cast  edgewise  and  flatwise 
and  were  cured  and  dried  in  the  same  position.  All  specimens 
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were  sealed  with  a vapor  pi'oof  plastic  leaving  one 
exposed  face.  During  fabrication  of  the  panels  thermo- 
couples were  placed  at  varying  distances  from  the  center 
of  the  exposed  face  and  at  varying  depths  from  this  face. 
Pitot  tubes  were  cast  in  the  panels  at  varying  distances 
from  the  center  of  the  exposed  face  and  at  decreasing 
angles  to  this  face. 

Electrical  connector  plugs  having  exposed  terminals 
were  cast  in  the  panels  at  one-half,  one,  and  one  and 
one-half  inches  below  the  exposed  surface  of  the  test 
panel.  These  were  installed  for  the  purpose  of  measuring 
the  change  in  resistance  of  the  concrete  during  the  curing 
and  drying  periods. 

Each  test  specimen  was  weighed  after  one  day  and  28 
days  fog-room  curing,  and  after  7,  14,  21,  and  28  days 
laboratory  drying.-  Some  specimens  have  had  an  additional 
drying  of  21  days  at  3 8°G  and  7 days  at  75°C. 

The  resistance  of  the  concrete  panels  at  increasing 
depths  was  measured  after  the  same  curing  and  drying 
periods. 

4.  RESULTS  AND  DISCUSSION 

The  electrical  resistance  method,  used  in  determining 
the  change  in  water  concentration,  at  varying  depths  from 
the  exposed  surface  of  the  concrete  test  panels,  shows 


some  inconsistencies  in  the  results.  The  inconsistencies 
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may  be  rationalized  by  the  fact  that  the  conductivity  of 
pure  water  is  very  low  and  a rediiction  in  the  concentration 
of  this  water,  such  as  occurs  in  the  drying  of  concrete, 
should  result  in  conductivities  of  even  smaller  magnitude. 
The  presence  of  ions  in  this  water  even  in  extremely 
minute  concentration  causes  enormous  increases  in  the 
conductivity  of  the  resulting  solution.  The  conductivity 
of  such  a solution  was  the  property  actually  measured  by 
the  method  tised  and  therefore  depended  far  more  on  the 
concentration  of  the  electrolytes  present  in  the  water 
than  the  amount  of  water  in  the  cement.  The  source  of 

"I*  '4*  "f* 

such  ions  mentioned  could  be  the  Ca  or  Na  and  K 
from  the  lime  and  alkalies  in  the  cement  paste.  In  the 
concretes  designed  with  crushed  building  brick  an  additional 
source  was  the  alkalies  than  can  be  leeched  from  the 
aggregate . 

The  resistance  of  the  concrete  designed  with  the  White 
Marsh  aggregate  at  the  depth  of  one-half  inch  from  exposed 
surface  varied  from  15,000  ohms  after  24  hours  in  mold  to 
2,000,000  ohms  after  an  extended  curing  and  drying  period. 
The  resistances  did  not,  however,  decrease  at  the  one  or 
the  one  and  one-half  inch  depths  in  proportion  to  the 
amount  of  water  determined  by  other  methods. 

Measurements  of  the  movement  and  the  amount  of  water 
present  in  concretes,  as  indicated  by  weight  changes, 
indicates  that  all  concrete  specimens  tested  (sealed  on 
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five  sides)  picked  up  water  during  the  fog-room  curing. 

This  increase  in  water  content  was  inversely  proportional 
to  the  thickness  of  the  specimen.  The  rate  of  loss  in  water 
was  also  controlled  by  depth  but  was  in  direct  relation. 

During  a 28-day  drying  period  under  laboratory  conditions  of 
temperature  and  humidity,  all  specimens  of  two-inch  depth  or 
less  had  lost  the  water  absorbed  during  curing.  After 
prolonged  heating  at  75°C  even  the  thinnest  tile  still 
retained  approximately  four  percent  of  the  original  mixing 
water. 

Combustion  Ch  a mb  ejc_ 

The  combustion  chamber  designed  to  deliver  hot  gases  at 
600°F  to  1200°F  at  velocities  of  1200  feet  per  second  has  been 
completed.  The  pressure  regulators,  indicating  gauges,  and 
flow  meters  necessary  for  the  control  of  the  air  and  gas  have 
been  installed  and  tested. 

Some  exploratory  tests  have  been  made  with  this  combustion 
chamber  and  its  exhaust  gases  to  determine  its  limitations. 
Specimens  of  concrete  (18  x 18  x 2 1/2  inches)  designed  with 
Kenlite  aggregate  and  heated  at  250°C  were  used  as  test  panels. 
The  center  line  of  the  panel  coincides  with  the  burner  axis 
and  is  at  right  angles  to  the  direction  of  jet.  Thermocouples 
and  pitot  tubes  were  positioned  radially  over  the  six-inch 
diameter  test  area.  The  temperatures  were  measured  and 
recorded  by  a multipoint  recorder  - potentiometer  that  records 
from  40  to  60  times  per  minute  depending  on  the  temperature 
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differences.  The  velocity  at  impingment  was  measured  in 
pressure  and  calculated  to  rate  of  flow. 

The  results  of  the  exploratory  tests  indicate  that  the 
combustion  chamber  as  assembled  will  deliver  gases  at  1200°F 
to  the  surface  of  a panel  at  distances  from  one  and  one-half 
inches  from  the  jet  opening  to  six  inches.  The  velocities 
at  which  the  hot  gas  is  delivered  diminishes  from  ICOO  feet 
per  second  at  the  one  and  one-half  inch  distance  to  800  feet 
per  second  at  six  inches.  The  temperature  at  the  center  of 
the  six-inch  diameter  test  surface,  1200°F,  decreased  to 
700*^F  on  the  perimeter  of  this  area  and  the  velocity  decreased 
from  1050  to  350  feet  per  second  when  the  panel  was  tested  at 
the  one  and  one-half  inch  distance  from  exhaust.  When 
temperatures  and  velocities  were  measured  at  a six-inch  distance 
from,  exhaust  jet  there  was  a SOO'^F  drop  in  temperature  from 
the  center  to  the  perimeter  of  six-inch  test  area  and  an 
accompanying  drop  in  impinging  velocities  of  600  feet  per 
second.  These  results  indicate  that  it  will  be  necessary  to 
increase  the  rate  of  the  flow  of  gas  in  order  to  obtain  the 
desired  velocities.  A different  type  gas  compressor  is  being 
installed.  Several  more  tests  will  be  made  before  standard- 
izing distance,  velocity,  and  temperature  of  test. 
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THE  NATIONAL  BUREAU  OF  STANDARDS 


Functions  and  Activities 

The  functions  of  the  National  Bureau  of  Standards  are  set  forth  in  the  Act  of  Congress,  March 
3,  1901,  as  amended  by  Congress  in  Public  Law  619,  1950.  These  include  the  development  and 
maintenance  of  the  national  standards  of  measurement  and  the  provision  of  means  and  methods 
for  making  measurements  consistent  with  these  standards;  the  determination  of  physical  constants 
and  properties  of  materials;  the  development  of  methods  and  instruments  for  testing  materials, 
devices,  and  structures;  advisory  services  to  Government  Agencies  on  scientific  and  technical 
problems;  invention  and  development  of  devices  to  serve  special  needs  of  the  Government;  and  the 
development  of  standard  practices,  codes,  and  specifications.  The  work  includes  basic  and  applied 
research,  development,  engineering,  instrumentation,  testing,  evaluation,  calibration  services,  and 
various  consultation  and  information  services.  A major  portion  of  the  Bureau’s  work  is  performed 
for  other  Government  Agencies,  particularly  the  Department  of  Defense  and  the  Atomic  Energy 
Commission.  The  scope  of  activities  is  suggested  by  the  listing  of  divisions  and  sections  on  the 
inside  of  the  front  cover. 

Reports  and  Publications 

The  results  of  the  Bureau’s  work  take  the  form  of  either  actual  equipment  and  devices  or 
published  papers  and  reports.  Repoi^ts  are  issued  to  the  sponsoring  agency  of  a particular  project 
or  program.  Published  papers  appear  either  in  the  Bureau’s  own  series  of  publications  or  in  the 
journals  of  professional  and  scientific  societies.  The  Bureau  itself  publishes  three  monthly  peri- 
odicals, available  from  the  Government  Printing  Office:  The  Journal  of  Research,  which  presents 
complete  papers  reporting  technical  investigations;  the  Technical  News  Bulletin,  which  presents 
summary  and  preliminary  reports  on  work  in  progress;  and  Basic  Radio  Propagation  Predictions, 
which  provides  data  for  determining  the  best  frequencies  to  use  for  radio  communications  throughout 
the  world.  There  are  also  five  series  of  nonperiodical  publications:  The  Applied  Mathematics 
Series,  Circulars,  Handbooks,  Building  Materials  and  Structures  Reports,  and  Miscellaneous 
Publications. 

Information  on  the  Bureau’s  publications  can  be  found  in  NBS  Circular  460,  Publications  of 
the  National  Bureau  of  Standards  ($1.25)  and  its  Supplement  ($0.75),  available  from  the  Superin- 
tendent of  Documents,  Government  Printing  Office.  Inquiries  regarding  the  Bureau’s  reports  and 
publications  should  be  addressed  to  the  Office  of  Scientific  Publications,  National  Bureau  of 
Standards,  Washington  25,  D.  C. 


